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Introduction:
Periprosthetic osteolysis is due to a biological response to wear particles. Phagocytic cells engulf particulate debris and become activated, releasing proinflammatory cytokines, chemokines, degradative enzymes, and other substances which stimulate osteoclasts to undermine the prosthetic bed. The key cells in the foreign body and chronic inflammatory response to wear particles are macrophages (M,s). We hypothesized that exogenous tagged M,s introduced from a distant site will migrate and concentrate to an area where phagocytosable polymer particles have been implanted. To examine the hypothesis, we use a model of femoral intramedullary polymer particle placement in nude mice, a murine M, cell line transfected with Fluc gene, and sequential non-invasive imaging using bioluminescence.
Materials and Methods:
Adult male nude mice (8-11 week) were used for the study. Ultra high molecular weight polyethylene (UHMWPE) particles from mechanical testing simulator studies were isolated by ultracentrifugation. The size of the UHMWPE particles was decided by SEM. The particles were cleaned and found to be endotoxin free using the LAL kit. Particles suspended in PBS (60 mg/ml) or PBS alone were injected into the left femoral medullary canal using a transpatellar tendon approach. Seven days later, M,s (5 × 10 5 cell) suspended in 0.1 ml HBSS were injected through the lateral tail vein of the mice. D-luciferin (3 mg/mouse) was injected intraperitoneally, and then images were taken with an in vivo imaging system employing a cooled CCD camera (Xenogen). All animals were imaged at 2 day intervals post-M, injection. Bioluminescence images were quantified by drawing uniformly sized region of interest (ROI) over the thigh on the prone images of the mice, and the data were collected as to photon/cm 2 /sec/steradian. Nonparametric Mann-Whitney U test were used to compare the ratio of bioluminescence for the operated (left) side divided by the non-operated (right) side for particle-injected and saline injected (control) animals.
Results:
The ratios of bioluminescence for the operated versus non-operated of experimental and control groups were shown in Fig. 1 . Fig. 1 The ratio of bioluminescence of UHMWPE particle suspension femora, and PBS injected femora versus bioluminescence of the corresponding non-operated contralateral femur from day 0 to 10 postinjection of M,s. The Y-axis is a normalized ratio of bioluminescence (unit: p/s/cm 2 /sr) from the operated femur versus non-operated femur in each animal. The values are mean ± SE. Number of animals: UHMWPE, 30; PBS, 13. *, **: indicates UHMWPE compared with PBS group at the same time point is statistically significant, *: p < 0.1; **: p < 0.05.
At day 0, immediately after injection of D-luciferin, the bioluminescent signal was located in the lungs. From day 4 post-M,s injection, higher bioluminescent signal was detected from UHMWPE particles injected femora. The ratios of the bioluminescence of UHMWPE particles injected femora versus non-operated femora in the experimental group were 1.30 ± 0.09, 2.36 ± 0.92, and 10.32 ± 7.61 at day 4, 6 and day 8, whereas the values for the control group were 1.08 ± 0.09, 1.14 ± 0.27, and 1.14 ± 0.35, respectively. There was strong bioluminescent signal in the left femur which contained UHMWPE particles, indicative of M, homing and accumulation (Fig. 2) . Signals were also seen in M,-containing viscera such as kidney and liver. 
Discussion:
In this study, we used an in vivo imaging system (IVIS) to observe the trafficking of intravenously injected mouse M, (RAW264.7), in which Fluc and GFP reporter genes are expressed. Clinically relevant UHMWPE particles were injected into the femoral cavity of nude mice, which would not mount a foreign body response to the foreign RAW264.7 M,s. As seen in Fig. 1 , the increased bioluminescent signals of the UHMWPE group were significantly higher than those from the PBS group at day 8 (p < 0.05) and a trend was seen at day 4 and 6 (p < 0.1). These findings demonstrate that wear particles stimulate a systemic homing of macrophages to the site of implantation. These effects are probably due to autocrine, paracrine and other systemic factors due to release of cytokines and chemokines in the presence of the particles. The macrophages also migrate to other organs with high macrophage populations, such as the kidney, liver, etc. Future studies will examine the biological mechanisms of macrophage homing and potentially suggest treatment strategies for particle-induced periprosthetic osteolysis.
